This paper outlines the essential steps taken in performing structural reliability calculations during the process of laying out a risk-based inspection program. The structural reliability analysis described in this paper essentially takes the deterministic finite element method (FEM) stress/fatigue analysis results, coupled with uncertain degradation mechanisms (e.g. corrosion rate, crack propagating parameters, etc.), and tracks the timevarying structural reliability index of the structural components under consideration. This can then be used to determine the timing for inspection of structural components.
INTRODUCTION
In recent years there has been high interest by the marine and offshore industry to apply structural reliability techniques to risk based inspection planning for marine vessels and floating production installations (see, e.g., [22] , [24] and [25] ). Structural reliability can assist in providing a framework for quantifying degradation mechanisms (such as fatigue and corrosion). By applying structural reliability and risk assessment techniques to inspection planning, the operator is given a tool to justify the allocation of valuable resources. Structural components with higher risk profile can be inspected with priority, and at the same time inspection activities for low risk components can be relaxed to optimize inspection cost.
This paper addresses the structural reliability analysis applied in laying out a risk-based inspection plan for a floating production unit (termed hereafter the example vessel), which is located in offshore West Africa. Fig. 1a shows a flow chart indicating the analyses involved.
The tasks of information gathering, such as the vessel gauging data, vessel past history, current service condition, etc., are conducted first.
The gauging information is then used in direct sea-keeping analysis and finite element analysis to calculate the vessel nominal stress in 100-year design storm events. Spectral-based fatigue analysis was also conducted to calculate the remaining fatigue lives on fatigue-sensitive connections along the vessel.
A qualitative Hazard Identification (HAZID) exercise is conducted with the information given from the strength and fatigue FEM assessment results. The input and output information are schematically shown in Fig. 1b . After the HAZID exercise, high risk-ranked structural components were chosen for subsequent structural reliability analyses. In addition, many components with medium to low risk ranking were also chosen such that a good envelope of all structural components under different conditions can be given.
The structural reliability analysis essentially takes the deterministic FEM stress/fatigue analysis results, coupled with uncertain degradation mechanisms (e.g., corrosion rate, crack opening parameters, etc.), and tracks the timevarying structural reliability index of the structural components under consideration. By performing this exercise, when and how often the structural components should be inspected can be informed.
The following sections describe in more details the technical aspects of the deterministic/probabilistic analyses. 
Sea

GLOBAL STRENGTH AND FATIGUE ANALYSIS
The example vessel was built in 1973 and originally operated as a tanker. It was selected for conversion to a Floating Production Storage, and Offloading (FPSO) facility in 1996 and located in offshore West Africa. The vessel underwent a further change to a Floating Production Unit (FPU) in 2000. Fig. 2 shows the vessel orientation and the design storm approach directions (dominated by swell) considered in the strength assessment. In the fatigue assessment, scatter diagrams along multiple directions for both wave and swell are considered.
An extensive set of gauging data is used to represent the current thickness, gathered in 1998, 2000, 2001 and 2002 inspections. During these inspections, a large amount of connections were inspected for fatigue cracks using eddy current coupled with magnetic particle inspections (MPI). All remaining connections were inspected by close visual inspections. All cracks detected during these inspections were repaired. The fatigue assessment subsequently conducted uses revised S-N curves which reflect the initial defects that might just escape detection by the above-mentioned detection methods.
Fig. 2 Vessel Orientation and Dominant Wave Directions
The global strength assessment approach is based on the ABS Dynamic Loading Approach (DLA) methodology [4] . This is a first-principle approach and has been applied extensively to a variety of large vessels. The process of strength assessment can be summarized as the following steps:
1. Perform sea-keeping analyses to compute the frequency response functions (RAO's) for Dominant Load Parameters (DLP's). The DLP's are a set of load and vessel motion parameters that best characterize extreme loading conditions. The DLP's considered in this analysis include vertical bending moment, vertical shear force, vertical acceleration, lateral acceleration and roll motion.
2. Perform response analysis for each combination of significant wave height and period. Calculate the extreme value distribution for each of the DLP's.
3. Determine the equivalent wave system, which is a sinusoidal wave with its amplitude given by the quotient of extreme value for a particular DLP and the maximum value of the frequency response function.
There are multiple equivalent wave systems as different DLP's are maximized one after another. These multiple equivalent wave systems constitute the load cases going into the subsequent FEM analysis. 4 . Perform global FEM analysis subject to the load cases generated from the previous step. The global finite element model is shown in Fig. 3 .
Discussions of the technical details of the ABS DLA procedure are out of the scope of this paper. Interested reader can refer [4] for more in-depth information.
The fatigue assessment approach is based on the ABS Spectral Fatigue Analysis (SFA) methodology [5] . The stress range RAO's at virtually every connection along the example vessel are calculated from the sea-keeping analysis. Long-term stress range Weibull distribution parameters are then calculated from the sea state scatter diagrams, and then compared to the S-N curve appropriate for that connection to derive the remaining fatigue lives. The stress concentration factors for several basic connection types (web toe bracket, side shell longitudinal, bottom longitudinal, etc.) are derived from fine-mesh FEM models. One such fine-mesh FEM model for the transverse frame web toe bracket is shown in Fig. 4 . 
TARGET RELIABILITY LEVEL
The target reliability level is an acceptance criterion used in judging the adequency of the calculated structural reliability index (or equivalently the failure probability). In the reliability analysis of the current project, the target reliabiilties are established from the consideration of a "risk diagram". Discussions on how to set target reliability levels can be found in, e.g., [7] and [26] . Fig. 5 shows such a risk diagram, which combines the consequence and likelihood information on a single chart. This risk digram was first developed by Whitman [17] in determining the target reliability for earth dams. The risk diagram as shown in Fig. 5 conveniently overlay the experiences from other industries, such that the current application can be put into perspective.
Three financial consequences are shown in Fig. 5 , in which the highest consequence (Consequence I) means the total loss of vessel plus the loss of production for a time period of approximately twe years. Consequence II is one order of magnitude less than Consequence I in terms of financial loss, and similarly for Consequence III.
The target reliabilities established as described above are compared to the Ship Structure Committee (SSC) recommended values for tankers [13] , which is presented in Table 1 . Note that in Table 1 Consequence I is further divided into I-a and I-b, in which Consequence I-a applies to reliability analysis if the hull girder first-yield capacity is considered. Consequence I-b applies to the case where hull girder ultimate capacity is considered. Since firstyield capacity typically overestimates the true capacity of the hull girder, a higher reliability level is required. The Consequence I as shown in Fig. 5 is for Consequence I-b (the ultimate capacity, which represents the true capacity of the hull girder). 
Strength Assessment Fatigue Assessment
Note: I-a refers to hull girder first-yield reliability I-b refers to hull girder ultimate reliability
STRENGTH RELIABILITY ANALYSIS
For both hull girder and local plate panels, the strength reliability analysis concerns three basic types of variables in the limit state function (A limit state function mathematically defines structural failure in the reliability analysis). These are the capacity of the structural component, the loads acting on the structural component, and the model uncertainties describing the confidence in applying the capacity and load equations. These types of variables will be described in the following sections.
For the structural capacity variables, first the probabilistic corrosion rate estimates have to be described. These estimates project the future plate thickness, and consequently have a direct bearing on the capacities of the structural components.
Corrosion Rate Estimate
For tankers, a commonly used reference for corrosion rate estimates is the Tanker Structure Cooperative Forum (TSCF) guidance manual [27] . Other databases collected by researchers and class societies also exist, many of them in the public domain (see, e.g., [10] and [16] ). Collectively these sources provide a good starting point in estimating future wastage for FPSO or FPU (such as the example vessel) structural components.
From the above-mentioned database, other factors specific to the example vessel (such as temperature, relative humidity, oxygen concentration, corrosion control measure, etc.) are considered to derive the corrosion rates on various parts along the vessel. An example output on these corrosion rate estimates is shown in Table 2 . Probabilistic corrosion rate distributions are constructed based on the assumptions that the estimated minimum corrosion rate corresponds to a 5% nonexceedence probability, and 95% for the maximum corrosion rate. A popular distribution type for corrosion rate is the Weibull distribution function. An example Weibull corrosion rate distribution is shown in Fig. 6 . An issue in applying probabilistic corrosion rates to a hull girder reliability analysis is the degree of correlation between these rates on different structural components [3] . For two structural components close to each other, the observed wastage can be expected to be similar. Conversely, for structural components far apart, knowing the wastage on one component does not provide a good indication on the other.
In this project, probabilistic corrosion rates are specified in terms of "corrosion zones" as shown in Fig.  7 . In each corrosion zone, a single probabilistic corrosion rate variable is given to all similar components (e.g. deck plate) within this zone. These corrosion rate variables are assumed to be statistically independent from one zone to the next. All transverse frames analyzed for probabilistic hull girder strength are assumed to have the same pattern of corrosion zones as shown in Fig. 7 .
Fig. 7 Assumed corrosion rate zones (in each zone
the corrosion rate is modeled as a single random variable for the same type of structural components)
Time-Variant Reliability Index Calculation
Time-variant structural reliability problems refer to the class of problems where either the loading or the resistance characteristics change with time. A marine vessel subject to corrosion is a typical example where the resistance degrades with time. Fig.8 illustrates a time-variant problem where S(t) and R(t) represent the load and the resistance processes, respectively. Commonly this class of problems is referred to as the "first-passage" reliability problem because a single out-crossing (first-passage) signifies structural failure. Random process theories can be applied to this class of problem as outlined in standard texts such as, e.g., [1] and [2] .
The current project utilizes an approximate method to solve the time-variant problem, in which only timeinvariant structural reliability analyses (first/second order reliability methods) are involved. The basic idea of the approximate method is to represent the degrading strength by a series of step-wise non-degrading strength as shown in Fig. 8 . Within each increment, since the strength is non-degrading, the time-invariant structural reliability method can be used to solve the failure probability in that increment. The total failure probability (i.e., the firstpassage probability) can be approximated by summing the failure probabilities of all increments.
An example problem is tested to show the accuracy of the approximate method, with the following input parameters: The results are compared to the first-passage reliability solution calculated from random process theory [19] , as shown in Table 3 . It can be observed that the approximate reliability solutions are very close to the first-passage reliability solution. 
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Consideration of Loads
Hull Girder Loads
The example vessel is a FPU with no frequent loading/offloading, and consequently having a constant ballast pattern for most of the time. Storage and offloading are carried out on a nearby separate storage vessel. The still water bending moment is taken as a constant as given from the trim & stability manual.
The annual extreme value distribution for the waveinduced bending moment can be calculated from the seakeeping analysis results, [4] . The wave-induced vertical bending moment is one of the Dominant Load Parameters as mentioned previously. The other DLP's include vertical shear force, vertical acceleration, lateral acceleration and roll motion. Together these DLP's establish the necessary set of load cases in the subsequent FEM analysis. The extreme probabilistic distributions for these other DLP's are also calculated by the same procedure, and will be used in structural reliability analyses of later sections.
Hull girder probabilistic load distributions of a generic type, i.e., one without going through direct seakeeping analysis have been discussed in, for example, [14] and [15] . Obviously, these generic load distributions will be subject to higher uncertainties compared to the one obtained from direct sea-keeping analysis.
Short-Term v.s. Long-Term Extreme Load Distributions
As mentioned previously, the strength assessment of the example floating production unit is conducted using the 100-yr design storm conditions from three approaching directions. This analysis approach is of the short-term type, which can be contrasted with the longterm approach where all sea-states are considered from the wave scatter diagram. It needs to be pointed out that the short-term approach is the standard practice in offshore industry for installations fixed in location.
In order to use the acceptable reliability level, as defined in Sec. 2, the long-term annual extreme value load distribution is required. To overcome this obstacle (of having only the short-term extreme loads), a sensitivity study was conducted to see if the calculated short-term extreme load distribution can be approximated as the long-term extreme load distribution. Fig. 9 shows the vertical wave bending moment as calculated from the sea-keeping analysis (the Rayleigh distribution) for a single peak. The characteristic extreme value is associated with the probability that it will be exceeded once during the duration of the storm (12 hours in the present case). This characteristic extreme value for the Rayleigh distribution occurs at approximately 3E+10 kgf-cm on Fig. 9 .
It is known that long-term wave load distribution follows the Weibull distribution. Additionally, it can be expected that the load characteristic extreme values calculated from either the short-term or the long-term approaches should be roughly the same [23] . Based on these assumptions, Weibull distributions are fitted at 3E+10 kgf-cm (the characteristic extreme value) with the probability level of being exceeded once in 15 years (the example vessel's intended service life). The exceedence probability is once per 7.5E+7 occurrences of waves. Fig.  9 shows two such Weibull distributions with shape factors of 1.0 and 1.5, respectively. Fig. 10 shows the extreme load distributions in 15 years on a log scale to magnify the tail values. They represent the maximum values in roughly 3,000 wave occurrences for the short-term approach, and 7.5E+7 wave occurrences for the long-term approach. The maximum values follow the Type-I extreme value distribution.
It can be seen from Fig. 10 that the maximum load extreme value distributions have similar shapes between the short-term and long-term approaches. Most importantly, they have similar spread, i.e., standard deviation, especially between the short-term curve (the "Rayleigh" curve) and the long-term curve with the Weibull shape factor of 1.0. In either case, the extreme load distribution constructed from the short-term approach has higher value on the tails, and hence will be more conservative in the reliability analysis.
From this sensitivity analysis, it is found that the approximation of short-term extreme load distribution as the long-term distribution is satisfactory for the purpose of risk-based inspection planning. Fig. 11 shows the typical stress components acting on a local plate panel. In some structural members one of the stress components dominates (has higher magnitude than the other components), and in term is dominated by one of the DLP's. For example, a stiffened deck panel is dominated by the compressive stress acting in the longitudinal direction along the vessel. This longitudinal stress is caused primarily from the vertical bending moment. By knowing the extreme load distribution of vertical bending moment from the sea-keeping analysis, this extreme longitudinal deck stress can be established. The association of the primary stress to a particular DLP is determined in the DLA process in the form of the controlling load case for the given plate panel.
Load and Load Combination of Local Plate Panels
For stress components other than the dominant stress, appropriate load combination rules needs to be considered to determine their contributions to the overall stress.
A simple and popular load combination rule is the Turkstra's rule, in which the combined extreme response is defined as the maximum value of the dominant stress (occurred at time t) plus the other stress components occurred at the same time. The Dynamic Loading Approach (DLA) employed in the global finite element analysis is, in its essence, a form of the Turkstra's rule. The DLA uses the "equivalent wave system" to represent the maximum load system acting on the vessel. In this system, one of the load processes, i.e. the load process relevant to the Dominant Load Parameter (DLP), is maximized. The other load variables are calculated at the time instance when one particular DLP is maximized.
A natural consideration of the load combination problem is to associate all the other stress/load components to the dominant stress component. In this case, their relative ratios to the dominant stress component are determined from the global FEM analysis. In the reliability analysis, only the dominant stress component is modeled as a random variable, the other stress/pressure components are modeled as a ratio to the dominant stress component, and hence are not random variables. σ .
An example problem was set up to compare the reliability indices calculated by these two approaches. The example problem consists of a stiffened bottom panel, and only two load components are considered: the longitudinal stress and the pressure from below. Three cases were calculated: Case 1 -Baseline case. The bottom panel is subjected only to probabilistic longitudinal stress, without the presence of pressure load from below. The intent for this case is to see the effect on reliability index from pressure load. Case 2 -The bottom panel is subjected to probabilistic longitudinal stress, with pressure load as a fixed ratio to the longitudinal stress. This ratio is determined from the global FEM analysis. The reliability solutions to the three cases mentioned above are shown in Table 4 . It can be seen that the DLA/Turkstra's combination rule produces a reliability solution in good agreement with the more accurate combination rule from Eq.(1). 
Hull Girder Reliability -First Yield Strength
The limit-state function for the first-yield hull girder failure can be written as:
where R and S represent the probabilistic resistance and load variables. The first-yield hull girder capacity is defined as the section modulus multiplied by the yield strength:
The approximate mean value and standard deviation of W, for a hull girder subject to probabilistic corrosion wastage, has been derived in [3] . Fig. 12 shows the cumulative probabilistic distribution of mid-section section modulus at year 5 and year 15. The progressive reduction in section modulus and the increase of spread (uncertainty) are obvious as can be seen in this figure. 
Fig. 12 Section modulus cumulative probability distributions at mid-section for year 5 and year 15
The other random variables considered in the firstyield reliability analysis are shown in Table 5 . The calculated time-variant reliability index is shown in Fig.  13 . For comparative purposes, the same problem was analyzed except both the still-water bending and the vertical wave bending moment suitable for unrestricted tanker services (see, e.g., [14] , [15] ) are used. This result is also shown in Fig. 13 . The results show that due to the significant reduction in both still-water load and wave load, the hull girder failure probability is significantly reduced and satisfies the target acceptable level as defined in Sec. 2. 
Hull Girder Reliability -Ultimate Strength
The hull girder ultimate capacity is calculated as described in [20] , which starts from the assumed stress profile as shown in Fig. 14 . Subsequently the position of neutral axis is determined from force balances, and the ultimate moment capacity can be calculated from the stress profile once the neutral axis has been determined.
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1.E-01 The calculation of ultimate moment capacity by the above-mentioned approach, together with the probabilistic thinning of plate components due to corrosion, is too complex to be implemented as an integral part in the limit state function similar to Eq.(2). Instead, Monte Carlo simulations were carried out first to determine the mean value and standard deviation of the ultimate moment capacity. In these simulations, the basic random variables are the corrosion rates on various structural components, yield strength and modeling uncertainty of a simplified panel buckling equation [20] .
An example result of such simulations is shown in Fig. 15 , upon which a Gaussian distribution is fitted to the simulated results with good agreements. The list of random variables is similar to Table 5 , and hence will not be repeated. An exception is the capacity uncertainty factor, which is taken to have a relatively large coefficient of variation of 20% to consider the approximation of buckling strength on the compression side of the hull girder.
The reliability analysis result on the mid-section is shown in Fig. 16 , together with the comparative case with unrestricted service load showing the sensitivity with respect to this variable. Curves in this figure are nonsmooth due to the fact that Monte Carlo simulation is used for ultimate strength calculation, while curves in Fig.  13 are smooth because analytical expressions are available for the probabilistic parameters of section modulus. It is determined that the projected time-variant reliability index is sufficient during the service life of example vessel.
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1.E-01 Fig. 16 Hull girder ultimate capacity annual probability of failure, example vessel versus same vessel but subjected to unrestricted loads
Stiffened Panel Reliability
The limit state function of the stiffened panel reliability calculation is in the same form as Eq. (2). The calculations on the load part have been covered in Sec.
3.3.3.
The ultimate capacity of a stiffened panel is calculated using ABS Steel Vessel Rule's (SVR) [28] ultimate capacity equations. Three failure modes are considered in SVR:
-Overall stiffened panel buckling.
-Longitudinal stiffener buckling as a beamcolumn. -Longitudinal stiffener buckling from tripping. Specific formulations of the ultimate capacity equations can be found in [28] , and will not be repeated here. Accuracy of the SVR's ultimate capacity is checked by comparing capacity predictions to the results as reported in [11] , where for several stiffened-panel examples both experimental and sophisticated nonlinear FEM results are available. These comparisons are shown in Fig. 17 .
The SVR's ultimate capacity equations show close agreement to either the experimental or nonlinear FEM results. For the purpose of inspection planning, these equations present a practical way of implementing the limit-state functions in the reliability calculations. The list of random variables will be similar to Table 5 , with the exception that the SVR ultimate strength prediction needs to be multiplied by a model uncertainty factor (bias factor), with a mean value of 1.06, and a coefficient of variation of 18%, to represent the true capacity. A bottom panel is chosen for the reliability analysis, as shown in Fig. 18 . This panel shows the highest compressive stress, which is associated with vertical wave bending moment in the hogging direction. The reliability analysis results are shown in Fig. 19 , with an assumed Consequence II in the event of buckling this panel. The results show the reliability level for this panel stays above the acceptable level throughout the service life of the example vessel. Note that for different panels, different consequences are assigned based on risk considerations. These consequence information are determined from the HAZID analysis.
A couple of sensitivity studies were conducted with increasing corrosion rate estimates. The results in Fig. 19 show that the corrosion rate affects the reliability index significantly, as can be expected. In the inspection planning, the corrosion rate will have to be periodically monitored and updated from future gauging and coupon test specimens. 
FATIGUE RELIABILITY ANALYSIS
Fatigue reliability analysis can be conducted by either the S-N curve based approach or the fracture mechanics based approach. The S-N curve based approach is both efficient and involves fewer variables, in addition it is also better developed ( [18] , [29] , [30] , [31] ).
The fracture mechanics based approach is powerful in that it can better deal with an important class of fatigue reliability problems: the updating problem and the correlation sampling problem (extended updating problem). The "sampling problem" is related to the updating of fatigue reliability for a connection that is not directly inspected, but can be resolved by comparison to a similar connection that is inspected.
Due to the similarities (from either the material property or the stress ranges) between these connections, the updating on the fatigue reliability is rational, even on a connection which is not inspected directly. Both approaches are described briefly. An example problem was conducted to show the usefulness of the fatigue reliability calculations.
S-N Curve Based Fatigue Reliability
The S-N curve based approach was originally developed by Wirsching ([18] ). The limit state function reads:
where s T is the time under consideration, and ∆ is the model uncertainty for damage accumulation law (i.e. Miner's rule). design T is the intended service life of the example vessel (15 years). The fatigue damage ratio, D, can be written as follows:
where B is the model uncertainty for stress analysis from waveinduced loads.
avg K is the random variable for S-N curve intercept. The quantity Ω (the stress parameter) can be calculated once the fatigue life is determined from the deterministic fatigue analysis.
Fracture Mechanics Based Fatigue Reliability
The development of fracture mechanics based fatigue reliability equations can be found in, e.g., [9] , [12] . The limit state function reads: Information on choosing appropriate C and m values can be found in, eg, [32] .
Inspection Event with No Cracks Detected
Similar in form to Eq.(6), this inspection event can be described by the following equation: (7) in which D a is the detectable crack depth. This parameter is a random variable associated with the probability of detection of the inspection method.
Inspection Event with Cracks Found with Measured Sizes
This inspection event is described by the following equation:
in which m a is the measured crack depth.
Fatigue Probability Updating after Inspection Event
The probability of fatigue failure at year t, with inspection performed at year inspect t ( inspect t t ≥ ) is calculated by the following conditional probability equations:
for the 'no cracks found' scenario, and
for the 'crack found and measured' scenario.
Fatigue Reliability Updating after Inspection (Un-inspected Connection)
In this case the inspected connection (connection i) and the un-inspected connection (connection j) are distinguished. The probability of fatigue failure can be written, similar to Eqs. (9) and (10), as
for the 'no cracks found' scenarios, and
for the 'crack found and measured' scenario. Use of these equations will be illustrated in the next section where a sample example is given.
Probability of Detection (POD)
The probability of detection used in this project was adopted from the information contained in [12] . These detection probabilities for the close visual and the MPI inspection are shown in Fig. 20 . With reference to this figure, the POD can be represented by the following Exponential distribution:
The distribution parameters for the close visual and the MPI inspections are also listed in Table 6 . 
An Example Fatigue Reliability Updating Problem
The example problem in this section illustrates how the reliability methodologies as described in the above sections are used. The example problem consists of the following solution procedure: 1. By given a fatigue life and the S-N curve used in that fatigue life calculation, calculate the fatigue reliability index using the S-N curve based reliability method. 2. Using the fracture mechanics based reliability methodology, adjust some of the random variable parameters such that the reliability index roughly matches the results as obtained from the S-N curve based reliability method. 3. Assuming inspections are performed at the 5 th , 10 th and 15 th year, calculate the updated reliability index (on an inspected connection). Assume no fatigue cracks are found during these inspections. 4. Calculate the updated reliability index for an uninspected connection, with increasing number of inspected connections (also assuming no cracks are found among these inspections). The sensitivity of reliability index updating using different assumptions of correlation coefficients is studied.
The fatigue connection considered in this example is assumed to have a fatigue life of 20 years. Assuming S-N curve D applies to this example connection, the fatigue reliability index, using the random variables as shown in Table 7 , is shown in Fig. 21 . The connection has been analyzed in [33] with the same random variables as listed in Table 7 . A fracture mechanics based reliability calculation for the same example connection was calculated based on the variables as listed in Table 8 . As mentioned previously, some of the distribution parameters have been adjusted by trial and error such that the calculated reliability index roughly matches the S-N curve based reliability calculations, as shown in Fig. 21 .
The updated fatigue reliability index is calculated using Eqs. (7) and (11) 
Fig. 21 Fatigue reliability variation for the example problem
The following discussion concerns fatigue reliability updating for a connection that is not directly inspected, but a large number of similar connections have been inspected with no fatigue cracks found (the sampling problem). The similarity is defined by the statistical correlation coefficients between three parameters: the crack growth parameter C, and the Weibull stress range parameters A and B. Six cases were set up, as shown in Table 9 , to look at the degree of fatigue reliability updating for various combination of correlation coefficient between the abovementioned three parameters. The results are presented in Figs. 23 and 24 .
The sampling problem calculates the fatigue reliability updates at one particular time, year 11, for demonstration purposes. From Fig. 21 , the fatigue reliability index on an un-inspected connection is roughly β = 2.1. Figs. 23 and 24 show the gradual increase on the reliability index with increasing numbers of inspection on similar connections.
The numerical implementation of the sampling problem is not an easy task. Eq. (11) is used to calculate the conditional probability of updated fatigue reliability. As the number of inspections become larger, more conditional events have to be included into Eq. (11) and hence making the conditionally probability more and more difficult to be evaluated. With fracture mechanics equations coupled with complicated geometry function (e.g., in the case of a surface crack), it becomes challenging to have efficient evaluations on the sampling problem for a large number of inspection events. Until more efficient computation method can be developed, the current project employs a simplistic approach to evaluate the fatigue reliability updating for a large number of inspection events. For the case 1 calculation, up to 10 inspection events are calculated and shown in Fig. 23 . It appears on the figure that the fatigue reliability follows a linear trend on a log-log plot. We then follow the linear extrapolation from these points outward to approximate the cases for large number of inspection events. Apparently judgments need to be applied in deciding which set of correlation coefficient is the most appropriate. If, for example, case 2 is employed and the acceptance criterion requires the fatigue reliability be maintained at β = 3.0, 100 fatigue inspections among a large set of connections are required to ensure the rest of the un-inspected connections are acceptable. We reiterate that this example problem assumes no cracks are found during inspections. In the case where fatigue cracks are found, similar calculations can be performed using Eq. (12). 
CONCLUSIONS
A framework of structural reliability analysis is provided and demonstrated to assist the process of laying out a risk-based inspection plan. Both strength and fatigue reliability assessments are addressed. Several original approaches are proposed within this framework to facilitate easy implementation.
These proposed approaches are validated through examples whenever possible.
The methodology and procedure described in this paper is currently being implemented on a ship-shaped floating production facility. This framework is also organized in a fashion such that when future inspections are conducted, reliability indices are adjusted to reflect the actual vessel condition. Subsequent changes to the inspection plan can be made using the same framework.
